ciated gingivobuccal swelling. He underwent a curettage operation. A biopsy specimen was taken. The histopathological report revealed a small focal cluster of round cells and blood clots. The patient was referred to Seoul National University Dental Hospital for further investigation because of a suspicion of malignancy.
At the Seoul National University Dental Hospital, the patient underwent thorough clinical, radiological, and histopathological examinations. Panoramic radiography revealed generalized sclerosis of both maxillary sinuses with increased radiopacity in the left maxillary sinus. Thinning of the innominate line of the zygomatic process of the left maxilla was evident ( Fig. 1 ). Both the panoramic and posteroanterior skull projections showed erosion of the posterolateral wall of the left maxillary sinus (Fig. 2) . Magnetic resonance (MR) images revealed a solid mass presumably arising from and occupying the left maxillary sinus with infiltration into the retroantral space posteriorly, and gingivobuccal sulcus inferiorly (Fig. 3) . A slightly hyperintense T2 signal and minimal enhancement were noted. A bone scan revealed increased uptake in the left maxilla (Fig. 4) .
Histologically, the tumor was composed of sheets of small round to oval cells, which were arranged in lobules, separated by fibrous septa. Most cells were characterized by ill-defined, scanty, pale-staining cytoplasm and welldefined nuclei with coarse chromatin (Fig. 5) . Immunohistochemical studies demonstrated positive immunoreactivity for MIC2 (CD99), neuron-specific enolase (NSE), S-100 protein, and cytokeratin (CK) (Fig. 6) . The diagnosis of PNET was made on the basis of microscopic and immunohistochemical findings. A partial maxillectomy was performed (Fig. 7) . Following the surgery, the patient received one cycle of chemotherapy with anti-cancer drugs vincristine and cisplatin. No additional chemotherapy was given, as the overall condition of the patient was deteriorating. Three months after the surgery, the patient was readmitted with an enlarged left submandibular lymph node. A follow-up computed tomographic (CT) examination revealed a 2-cm mass in the left submandibular space compressing the submandibular gland indicating local nodal metastasis (Fig. 8) . The lymph node metastasis exhibited minimal enhancement. The patient was put on a two-cycle che-
Primitive neuroectodermal tumor of the maxillary sinus in an elderly male: A case report and literature review motherapy treatment. However, there was no response to chemotherapy. A fat-suppressed T2-weighted MR image, taken 4 months after the CT scan, revealed a marked enlargement of the metastatic submandibular lymph node (Fig.  9) . Surgery was performed to eliminate the mass in the neck. The tumor was a well-encapsulated friable mass, and its cut surface showed a gray-tan fleshy appearance with focal areas of necrosis and hemorrhage. Microscopically, the tumor cells had small round nuclei that varied from vesicular with inconspicuous nucleoli to stippled chromatin with ill-defined cell borders. There were numerous mitoses. Neither rosettes, pseudorosettes, nor neurotubules 
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were identified (Fig. 10) . On the basis of these findings, the tumor was interpreted as metastatic PNET. Following the second surgery, the patient decided not to continue his treatment. Six months later, the patient developed distant metastasis of tumor cells to the liver; he died 10 months after the second operation.
Discussion
PNET is not a common tumor in the head-neck region. Jürgens et al 4 PNETs. In the report, only 6 cases occurred in the maxilla. However, after an extensive search of the existing Englishlanguage literature, we could identify 10 reported cases of PNETs of maxilla. 1, 8, 10, 11, [14] [15] [16] [17] [18] [19] The clinical presentations, imaging features, microscopic findings, treatment modalities, and clinical courses of these cases are presented in Table 1 . PNET has been reported to occur in young people. 9 One study 1 reported that 85% of head-neck PNET patients were younger than 20 years of age. Of the 10 reported cases of maxillary PNETs that we identified, 6 patients were under the age of 20 years. We did not find any sex predilection in the maxillary PNETs. This finding was consistent with previous reports. Most of the reported cases of PNETs of the maxilla occurred either as a soft tissue mass or swelling (Table 1) . Like those of PNETs of other body parts, radiological findings of head-neck PNETs were non-specific (Table  1) . 1, 8, 10, 11, [14] [15] [16] [17] [18] [19] On plain radiographs, they appeared as areas of bone destruction. On CT images, the PNETs we found appeared as heterogeneously enhancing masses. On T1-weighted MRI, these tumors have isointense presentation to muscle, whereas on T2-weighted MRI, PNETs show a heterogeneous hyperintense signal. In our case, the rela- tively low T2-weighted MR signal intensity was indicative of a solid tumor with high cellularity. The central low signal intensity was possibly due to bleeding/hematoma/hemorrhage from the initial curettage/surgical procedure. Initial histopathological reports from the left maxillary sinus also confirmed the presence of blood clot/necrotic tissues. In our opinion, the lesion arose from the mucosal lining of the maxillary sinus. However, we did not rule out the bony area surrounding the maxillary sinus as the possible site of origin. Once developed, the lesion infiltrated the maxillary alveolar bone, which resulted in mobility of the maxillary molar tooth. After extraction of the tooth, the growth accelerated further. Minimal enhancement of the enlarged lymph node on the follow-up enhanced CT image gave the impression of central necrosis. However, T2-weighted MRI demonstrated that there was no necrotic portion of a markedly high signal intensity. The minimal enhancement on the enhanced CT scan might have been caused by the high cellularity of the metastatic lymph node as tumors with high cellularity normally show delayed enhancement or a low degree of enhancement. Ibarburen et al 17 studied the CT and MRI findings of 17 patients with peripheral PNET. They reported that both CT and MRI are very useful in preoperative staging and in planning the surgical approach. CT and MRI were also helpful in the detection of recurrent and metastatic disease. We believe that MRI should be considered the imaging modality of choice for pre-and post-surgical assessments of PNET, as it is more effective than CT in detecting soft tissue abnormalities and their relation to adjacent vascular and nervous structures.
Due to their highly unpredictable behavior, the management of PNETs is often challenging. Thus far, no standard treatment protocol has been developed for PNETs. 1 The current approach for the management of these tumors includes a combination of therapeutic modalities like early surgery along with multiple chemotherapy to treat the residual disease and to prevent metastatic or recurrent disease. 1,2,11,13,20 Multi-agent chemotherapy including vincristine, doxorubicin, and cyclophosphamide improves survival without any significant morbidity. 21, 22 Zimmermman et al 22 reported that chemotherapy is mandatory as the first-stage treatment in order to avoid a mutilating surgical procedure and intraoperative tumor cell dissemination. This treatment may be supplemented by radiotherapy, which should be given to patients who do not have a surgical option that restores physiology and to patients whose tumor has been excised with an inadequate margin. 1 Given the particularly aggressive nature of PNET, effective local control requires tumor-free surgical margins and wide safety margins. 2 However, such margins may not always be available in the maxilla region because of its proximity to vital structures. In the present case, the proximity of the mass to the skull base prevented us from further resection. In addition, the patient's overall weak condition kept us from an aggressive use of radiation therapy and multi-agent chemotherapy, which presumably accelerated the tumor growth and metastasis. Although steadily improving, the prognosis of PNET is generally considered to be poor with a high incidence of rapid metastasis to distant sites such as the lung, liver, and bone. 1, 2 The patient in the present report also developed metastasis to the liver 6 months after the second surgery. Kimber et al 20 reported that tumors arising from the head and neck, as well as from the chest, had an intermediate prognosis compared with tumors from the paraspinal and scapular areas, which were associated with a favorable outcome. Jones and McGill 11 reported that 27% patients with head-neck PNET had metastatic disease at the time of presentation. In contrast, in the series of Nikitakis et al, 2 all the 5 head-neck PNET patients were alive. Only 1 patient developed distant metastasis. Prognosis of PNET mainly depends on tumor location, tumor size, presence of metastatic disease at the time of initial diagnosis, and response to initial chemotherapy. The reported 3-year survival rate is about 50%. [2] [3] [4] 8 Survival in the study of Mendel et al 23 was an average of 27.3 months for asymptomatic patients and 15.2 months for symptomatic patients from the time of initial diagnosis. In the cases of maxillary PNET we reviewed, 1, 8, 10, 11, [14] [15] [16] [17] [18] [19] elderly patients seemed to have a rela-
Primitive neuroectodermal tumor of the maxillary sinus in an elderly male: A case report and literature review Positive, -: Negative, NP= =Not performed, NS= =Not specified, NSE= =Neuron-specific enolase, CK= =Cytokeratin tively poor prognosis compared with their younger counterparts although only 3 patients had undergone follow-up for 3 years at the time of the study. PNET is a very aggressive malignancy with a poor survival rate. It should be included in the differential diagnosis of fast-growing soft tumors, particularly those that have imaging features of high cellularity.
